BACKGROUND: Evidence-based medicine (EBM) is an important element of medical education. However, limited information is available on effective curricula. OBJECTIVE: To evaluate a longitudinal medical school EBM curriculum using validated instruments. DESIGN, PARTICIPANTS, MEASUREMENTS: We evaluated EBM attitudes and knowledge of medical students as they progressed through an EBM curriculum. The first component of the curriculum was an EBM "short course" with didactic and small-group sessions occurring at the end of the second year. The second component integrated EBM assignments with third-year clinical rotations. The 15-point Berlin Questionnaire was administered before the course in 2006 and 2007, after the short course, and at the end of the third year. The 212-point Fresno Test was administered before the course in 2007 and 2008, after the short course, and at the end of the third year. Selfreported knowledge and attitudes were also assessed in all three classes of medical students. RESULTS: EBM knowledge scores on the 15-point Berlin Questionnaire increased from baseline by 3.0 points (20.0%) at the end of the second year portion of the course (p<001) and by 3.4 points (22.7%) at the end of the third year (p<001). EBM knowledge scores on the 212-point Fresno Test increased from baseline by 39.7 points (18.7%) at the end of the second year portion of the course (p<001) and by 54.6 points (25.8%) at the end of the third year (p<001). On a 5-point scale, self-rated EBM knowledge increased from baseline by 1.0 and 1.4 points, respectively (both p<001). EBM was felt to be of high importance for medical education and clinical practice at all time points, with increases noted after both components of the curriculum. CONCLUSIONS: A longitudinal medical school EBM was associated with markedly increased EBM knowledge on two validated instruments. Both components of the curriculum were associated with gains in knowledge. The curriculum was also associated with increased perceptions of the importance of EBM for medical education and clinical practice.
BACKGROUND
Every accredited US medical school is required to offer coursework to "allow students to acquire skills of critical judgment based on evidence and experience", 1 skills at the heart of evidence-based medicine (EBM). In addition, the Accreditation Council for Graduate Medical Education requires as part of the Practice-Based Learning and Improvement competency that residents be able to "locate, appraise, and assimilate evidence from scientific studies related to their patients' health problems". 2 Despite these training requirements, lack of knowledge and skills is identified as a key factor limiting EBM application among practicing physicians and residents. 3 Although medical school courses could impart these required skills early in medical careers, limited data are available to guide development of effective EBM curricula. 4 Historically, the majority of EBM courses have been seminar series, workshops, or "short courses". [5] [6] [7] [8] Courses of EBM instruction integrated longitudinally with clinical practice are rare, [9] [10] [11] despite limited but supportive evidence in favor of such teaching approaches to EBM. 12 Objective assessment of EBM skills is essential, as selfreported skills correlate poorly with actual EBM knowledge. 13, 14 Despite this, EBM curricula have seldom been evaluated using validated instruments to assess both shortterm acquisition and longer term retention of EBM knowledge. 15 Furthermore, the available assessment tools for EBM knowledge each address differing domains of EBM. 16 Although the Berlin Questionnaire 17 and the Fresno Test of competence in evidence-based medicine 18 are the only instruments with well-documented validity evidence to assess each of the four steps of evidence-based practice (ask, acquire, appraise, and apply), 16 they focus on very different areas of knowledge because of different instrument designs. The Berlin Questionnaire evaluates primarily applied knowledge through its multiple-choice format, with limited assessment of specific skills such as developing a clinical question or a search strategy, while the Fresno Test requires written demonstration of knowledge and skills across the four steps of evidence-based practice applied to clinical scenarios in a mixed essay/short-answer format. We previously reported results of a pilot study investigating the potential effectiveness of a new EBM curriculum at the Mayo Medical School in a single class of students using the Berlin Questionnaire.
14 This curriculum combines a short course at the end of the second year of medical school with longitudinal EBM practice integrated throughout third year clinical experiences. We found that Berlin Questionnaire scores and selfreported EBM knowledge increased after the short course and increased further at the end of the integrated course. Attitudes regarding the importance of EBM for medical education and clinical practice were positive throughout the curriculum, peaking after the short course. To better define the effectiveness of this curriculum in teaching the full range of EBM skills, we extended this pilot study by assessing Berlin Questionnaire results in a second class of students, in addition to following two classes of students using the Fresno Test.
METHODS Participants
Second-year medical students at the Mayo Medical School enrolled in the required EBM course in 2006, 2007, and 2008 participated in this study. Students were eligible if they were scheduled to begin third-year clerkships immediately following the second year of medical school.
Curriculum
The current EBM curriculum at the Mayo Medical School is detailed in the online Appendix, and the original curriculum has been described previously. 14 An illustrative timeline for the curriculum is presented in Fig. 1 . This curriculum began in 2006 with a short course near the end of the second year of medical school consisting of 22 contact hours and adapted from the model developed at McMaster University, Canada.
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Didactic sessions are used to introduce EBM skills following the Users' Guides to the Medical Literature text for common article types in the medical literature (therapy, harm, diagnosis, prognosis, and systematic reviews). 12 Students then engage with the course instructors (CPW, TMJ, and FSM) in small group sessions during which journal articles are critically appraised following the criteria introduced in the didactic sessions. The curriculum continues throughout the third year of medical school, integrated with clinical experiences. During each third-year clinical rotation (originally Internal Medicine, Surgery, Pediatrics, Obstetrics-Gynecology, Neurology, Psychiatry, and Family Medicine), students generate a clinical question based on a patient interaction, search for an article addressing that question, critically appraise the article, and produce a written two-page summary of the evidence-based practice steps and how the evidence applied to the patient regarding whom the clinical question arose. It is suggested to students that each assignment not take more than 4 to 6 h of their effort. The course instructors evaluate each assignment and electronically provide substantive feedback on each student's review. The course is graded on a pass-fail scale based on student feedback suggesting this allowed greater attention to content by removing the distraction of trying to achieve an Honors grade.
In 2007 and 2008, the course remained largely unchanged from its 2006 inception. However, due to structural changes to the Family Medicine clerkship, EBM assignments were no longer required for Family Medicine after 2006. In addition, the course contact hours decreased from 22 to 20 with increased efficiency in delivering the course content, particularly the background epidemiology content, which was further integrated into discussions of the Therapy and Diagnosis article types. No topics were removed from the curriculum, however.
Instructors are provided with 1 h of supported time for each graded assignment, in addition to administrative time for direct student contact during the short course and course maintenance. The instructors each have advanced training in biostatistics and epidemiology, and had participated in How to Teach Evidence-Based Clinical Practice workshops at McMaster University. In addition, two instructors (CPW and FSM) had previously taught basic and advanced EBM topics to internal medicine residents at Mayo Clinic.
Evaluation Instruments
Each student completed testing on the first day of the course, at the completion of the second-year short course, and upon completion of the third year of medical school. Students in all 18 Both of the two psychometrically equivalent formats for the Berlin Questionnaire and Fresno Test were used, with each student assigned to an initial format via computer-generated randomization on the first day of the course. Students then received the alternate format at the second administration, and the initial format again at the third administration. The Berlin Questionnaire was administered alone initially because of instructor concerns about grading workload. Once the curriculum was largely established, sufficient time was available for grading of the Fresno Test. To allow 2 years of outcome data for each instrument, the Berlin Questionnaire was administered in 2006 and 2007, and the Fresno Test was administered in 2007 and 2008, as described. Completion of the instruments was not mandatory, and scores were not part of students' grades in the course. No incentives were offered to students beyond informing them that test results would help the instructors understand the benefits and weaknesses of the designed curriculum.
Statistical Analysis
Data were analyzed using SAS Version 9.1 (SAS Institute, Cary, NC). Differences in EBM attitudes and knowledge between each of the three time points were tested using Wilcoxon signed rank tests for paired data. All available cases were used for each pairwise comparison, and complete-case analysis was performed to ensure consistency of results. Nonparametric statistics were applied given the ordinal nature of the data. The threshold for statistical significance was set at 0.05. The Mayo Clinic institutional review board approved this study.
RESULTS
Of 99 eligible students from 2006-2008, at least 93 (94%) responded to the self-reported knowledge and importance of EBM questions at each time point (Table 1) Prior to the course, self-rated EBM knowledge was low (average score 2.1 out of 5 possible), and increased upon completion of the short course (average score 3.1, p<001). Selfrated EBM knowledge further increased after the longitudinal curriculum (average score 3.5, p<001 compared to the end of the short course). The average Berlin Questionnaire score increased from 6.3 (42%) to 9.3 (62%, p<001) by the end of the second-year portion of the curriculum, and to 9.7 (65%, p=21 compared to the end of the short course) by the end of the third year (Fig. 2) . Median Berlin Questionnaire scores (interquartile range) were 6.0 (5-8), 9.0 (8-11), and 10.0 (8-11), respectively.
The average Fresno Test score increased from 97.8 (46%) to 137.5 (65%, p<001) by the end of the second-year portion of the curriculum and further increased to 152.4 (72%, p<001 compared to the end of the short course) by the end of the third year (Fig. 2) . Median Fresno Test scores (interquartile range) were 94.0 (87-111), 142.5 (118-159), and 152.5 (139-166), respectively.
The perceived importance of EBM for both medical education and clinical practice was moderately high prior to the course (average score 3.7 and 4.0, respectively, out of 5 possible). These values increased over the short course component of the curriculum to 4.2 and 4.5, respectively (both p<001), and remained stable through the third-year portion of the curriculum.
DISCUSSION
This study lends further support for the effectiveness of this medical school EBM curriculum in improving EBM knowledge, skills, and attitudes by showing these improvements across multiple years of students and as measured by the only two current EBM knowledge instruments evaluating the full spectrum of necessary EBM skills. The observed increases in EBM knowledge resulted in scores at the conclusion of the curriculum approaching (for the Berlin Questionnaire) or exceeding (for the Fresno Test) those of EBM experts tested in the development of each instrument. Improvement in EBM knowledge occurred during both phases of the curriculum in this group of Mayo Clinic medical students. Key principles of EBM are introduced during the initial short course, which includes education in basic epidemiology and guided appraisal of several common article types. The short course establishes a foundation of EBM knowledge by addressing the full range of EBM skills, teaching students how to ask clinical questions, search for the best evidence to answer these questions, appraise the evidence, and apply it to clinical practice. The curriculum then adheres to the literature-based recommendation that EBM courses be integrated with clinical learning [9] [10] [11] [12] 20 by incorporating EBM instruction longitudinally into clerkship rotations. Students apply their developing EBM skills to patient care issues encountered in clinic and on the wards in this component of the curriculum, during which assignments are evaluated and feedback provided by EBM experts. One benefit of this approach integrating EBM with actual patient care during the core clerkships is effective modeling of the use of EBM for application in practice situations occurring outside of training environments and later in students' careers.
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It is also notable that the improvements seen across the duration of this curriculum were far larger than those seen in prior integrated curricula evaluated using the Fresno Test. 21, 22 For example, Aronoff et al. 22 reported a 9% increase in Fresno
Test scores in their study of an integrated EBM curriculum, compared to the 26% increase seen in this study. The reasons for this difference are not entirely clear, but may relate to the more extensive pre-clerkship experience or involvement of highly experienced EBM experts in the Mayo Clinic curriculum. Also, Aronoff et al. applied online didactic teaching, and it is possible that their smaller curricular effects suggest limits to the effectiveness of such web-based curricula. 23 Further exploration of the reasons for differences in the effectiveness of EBM curricula is needed. Our study has limitations. First, given the small size of each Mayo Medical School class, there was no concurrent control group, although students served as their own controls in the pre-post design. Therefore, it is possible that education occurring outside of the formal EBM curriculum could account for the observed increases in EBM knowledge. However, there is no other specific EBM teaching in the Mayo Medical School curriculum, and in fact during the time frame of this study there was no additional formal exposure to epidemiology or biostatistics in the curriculum. Second, the instructors for this curriculum have advanced EBM skills and training, which may not be readily available in some environments. It is not clear that the curriculum as developed would remain effective if administered by non-experts. Third, although the Berlin and Fresno tests provide broad assessments of EBM knowledge, they are not exhaustive. There may be specific EBM-related skills less well addressed by these instruments for which the effectiveness of this curriculum remains unclear. Finally, our study does not allow insight into differences in future practice patterns or care quality as a result of the EBM curriculum. For these reasons, we encourage further evaluation of our curriculum at other institutions and in other learning settings, particularly larger medical schools that might feasibly incorporate independent control groups.
In summary, this study advances the evidence that a medical school EBM curriculum combining an initial short course and subsequent integration of EBM practice with clinical activities results in sustained increases in perceived and measured EBM knowledge. Further study is needed to determine whether this medical school curriculum has sustained benefits beyond medical school into postgraduate medical education and practice. However, this curriculum effectively satisfies medical school accreditation requirements and prepares students to meet the additional competency requirements of residency training and independent medical practice. 
